Article words: 2750 2
Introduction
Postural disturbance is an important symptom of idiopathic Normal Pressure Hydrocephalus (iNPH) and is, together with the motor dysfunction, responsible for the most striking symptom, namely gait difficulties (1). The other classical symptoms of iNPH are impaired cognition and urinary urgency (1).
The symptoms usually exist together, but the severity may range from subtle to disabling (2) . iNPH usually affects older individuals with a mean age of around 70 years (3, 4) and the prevalence has been estimated to be as high as 1.4% in elderly Japanese people (5) . iNPH is characterized by a ventricular enlargement secondary to a cerebrospinal fluid (CSF) disturbance, where the CSF-pressure is within the normal limits. There have been a few studies addressing the issue of postural dysfunction in iNPH.
Soelberg-Sörensen et al found a decreased postural stability (6) and Blomsterwall et al. went further and concluded that postural dysfunction is partly responsible for the gait difficulties, and that improvement after shunt surgery is more profound in tests assessing balance (7) . In a later study, Blomsterwall et al. used a force platform to assess balance in patients with normal pressure hydrocephalus (NPH) and subcortical arteriosclerotic encephalopathy. In this study, no difference regarding balance could be detected between the groups of patients, but compared to HI the hydrocephalic patients had significantly larger sway area and showed higher backward velocity (8) .
Postural function is dependent on vision, peripheral vestibular sense, proprioception and a central integration. With advancing age there is impairment in these functions, and if there is a selective impairment in one of them, greater demands are placed on the remaining functions in order to maintain a good balance (9) . It is of great importance to assess balance in the elderly properly to identify individuals at risk of falling, since the consequences of traumatic injuries can be enormous, both for the individual and also for society.
There are many bedside clinical tests for assessing balance. The oldest, and one that is still performed, is Romberg's test (10) , Other examples are the Tinetti Balance and Gait test (11) and the Berg Functional Balance Scale (12) . They are easy to perform but have the problems of ceiling effects and poor specificity (13) .
Instrumental methods have been developed for assessing balance more accurately. Computerized dynamic posturography (CDP) is a method involving the measurement of ground reaction forces from which the centre of pressure and sway may be calculated (14) . The simplest equipment is a force plate.
A more advanced equipment is EquiTest (version 4.04 NeuroCom International, Clackamas, OR); a diagnostic tool that measures the sway in several conditions. CDP can potentially differentiate between different causes of postural dysfunction, such as vestibular, proprioceptive and visual. The method has never been used before to evaluate patients with hydrocephalus.
The primary aim of this study was to describe the postural function in iNPH patients by CDP pre-and post-operatively and in comparison with HI.
Subjects and Methods
Thirty-five patients (16 males, 19 females) with mean age 73 (49-81) ( Table I) 
Healthy Individuals
Sixteen HI (7 males, 9 females) aged 73 (62-89) were consecutively recruited mainly from relatives and friends to staff members (Table I) . They were subjectively healthy and had a normal gait, balance and cognition on examination. Medication and diseases not impairing gait and cognitive status were not considered reasons for exclusion.
Clinical assessment
The patients were assessed neurologically (FL), and an MRI of the brain was performed. A physiotherapist assessed the motor function by using the following tests: time needed for a 10-metre walk in seconds (w10mt) and number of steps (w10ms) at a self-selected speed and with their usual walking aid (8) . A timed up and go test measuring seconds (TUGt) and steps (TUGs). This is a timed test for standing up from a chair, walking three metres, turning and walking back to the chair and sitting down (15) . (n=3). One patient did not undergo shunt surgery because the pre-operative examination indicated an unfavourable prognosis according to a consensus discussion. The patients were re-examined three months after surgery. Improvement was defined as a 5% improvement in a motor score (MOS). MOS was calculated as a composite score with the percentage change of each item expressed as follows:
(∆w10mt+∆w10ms+ ∆TUGt+∆TUGs)/4. Shunt dysfunction was considered if the patient did not reach the pre-defined improvement in MOS. A computer tomography of the brain and a plain radiograph were carried out, and if there were still doubts about the feasibility of a working shunt a CSF-dynamic test was performed. There were no adjustments made during the first three months after surgery.
The HI were examined for time needed for a 10-metre walk in seconds and number of steps at a selfselected speed. Romberg's test for assessing balance and an MMSE for evaluating cognitive status were performed.
Computerized Dynamic Posturography
Computerized dynamic posturography (CDP), EquiTest (version 4.04. NeuroCom International, Clackamas, OR) was used in which the patient stands on a dual force plate and a visual surround is Each of the test items are scored according to the sway, where 100 is no sway and 0 means that the subject falls. When the subject is unable to stand for 20 seconds it is noted as Loss of Balance (LOB).The patients underwent the CDP before and three months post-operatively, and the HI twice with an interval of three months. For the HI the mean value of the two trials was calculated.
Statistics
An a priori power-analysis calculated for this study indicated that at least 16 individuals in each group were needed in order to detect a 10 point difference in SOT score at 80% power and α=0.05. Minitab 16 Statistical Software (Minitab Inc) was used for statistical calculations. Non-parametric statistics, Mann Whitney U, and Chi squared tests for unpaired data, and the Wilcoxon sign rank test and McNemar for paired data were used. Spearman's rho correlation coefficient was used for calculating correlations.
Results
The 35 patients had lower SOT scores in all six conditions (p = 0.01 for SOT 1 for SOT 2-6 p<0.001) before surgery compared to the HI. The greatest difference was in conditions 5 and 6 ( Figure 2) . LOB was very frequent in SOT conditions 5 and 6 in iNPH pre-operatively and thus very significantly different from the HI (Figure 3) . Pre-operatively, the patients showed significantly inferior gait capacity, had lower score in the Romberg's test, and performed a lower MMSE than the HI (Table   2 ).Cardiovascular risk factors were more common in the patients than the HI, though they did not reach statistical significance.
Of the 34 patients who underwent shunt surgery 20 patients could be evaluated both pre-operatively and three months post-operatively. Reasons for not being evaluated post-operatively were: five hematomas (subdural, epidural/subdural and intracerebral) post-operatively, three shunt dysfunctions (two proximal and one distal) , three patients refused either surgery (one) or a second posturography (two), three were not evaluated a second time due to logistics reasons, and finally, one had a negative extended lumbar drainage and was not operated on.
There was a significant improved composite score (p<0.05) but no change in any of the SOT conditions ( Figure 4 ) after shunt surgery. LOB was not reduced significantly after the shunt operation ( Figure 5 ).
Post-operatively 18/20 (90%) of the patients were considered shunt responders with a mean MOS increase of 26% (5-67). They performed better in the Romberg´s test but they did not change cognitively (MMSE) ( Table 3 ).
The correlations for each SOT of the two examinations in the HI were: SOT 1: rho=0.41; SOT 2: rho=0.64; SOT 3: rho=0.49; SOT 4: rho=0.58; SOT 5: rho=0.65; SOT 6: rho=0.53.
Discussion
The main findings of this study are that the iNPH-patients had significantly poorer balance than HI in all SOT conditions, and this was most pronounced in SOT 5 and 6, indicating a central vestibular dysfunction in iNPH patients. Loss of balance was also seen most frequently in conditions 5 and 6.
However, improvement after shunt could only be seen as a significant change of the composite SOT but not in any individual condition.
The patients who participated in this study were all diagnosed as probable iNPH according to the iNPH guidelines with slight modifications (1). There were no significant differences regarding sex and age between the patients and the HI. The patients had a larger percentage of cardiovascular risk factors, but this was not statistically significant (Table I) . Balance in healthy elderly has been found to decrease with age. In a study comparing old old (> 80y) and younger old (<80y) with the same methodology as used in our study, the mean values for each SOT condition were very close to the results from the HI in the present study(17). The interpretation would therefore be that our HI are representative of younger elderly people regarding balance.
CDP was developed by Nashner (18) and has been a standard for evaluating balance control (19) . It is a method that allows the estimation of the relative contribution of somatosensory, vestibular and visual inputs to the balance. Test-retest for SOT has been found to be fair to good in older adults (20), but the best test-retest data comes from astronauts, where a statistically significant learning effect has been seen between the first and second baseline tests but not after the second test (21) . The same methodology has been used for evaluating balance and risk of falls in Alzheimer's disease (22) , for comparing balance between patients with Alzheimer´s disease and Parkinson´s disease (23) , in
Parkinson patients on whom Deep Brain Stimulation has been conducted (24) and also in patients with anxiety disorders (25) . In our study there was generally a good agreement between the first and the second examination in the HI (Figure 2) , which favours the methodology.
Gait in iNPH is characterized by small, broad-based steps with decreased step height (6, 26) . Part of the gait impairment is related to the postural dysfunction, where a greater sway and a higher backward directed velocity have been shown on a force platform (8) . In a more recent study using a force plate it could also be shown that patients suffering from normal pressure hydrocephalus had a greater sway compared to control subjects (27) . Blomsterwall et al., and also Czerwosz et al. have reported that iNPH patients have less use of vision for maintaining balance. We could not confirm this result since the patients in our study did perform relatively better in the balance tests compared to the HI when sight was allowed. Our patients managed the easiest conditions; SOT 1-2 only slightly poorer than the HI, indicating a relatively preserved postural function, but from SOT 3-6 there was an increasing difference between the groups. In SOT 5-6 only a minority of the patients were able to remain standing and thus experienced LOB (Figure 2) . SOT 5-6 are believed to be the best test items to detect a vestibular dysfunction, either central or peripheral (19) . In other words; when the visual and proprioceptive stimuli are either absent or perturbed the patients must rely on the vestibular system in order to maintain balance. This could be interpreted to mean that the postural dysfunction in iNPH patients is due to impaired vestibular functions.
After shunt surgery, in eighteen patients out of twenty (90%) there was a significant improvement in motor function, namely more than 5% improvement in motor score (MOS). Disappointingly, no improvement in individual SOT could be seen. The only test indicating improvement was the composite SOT; however this test is less valuable since mean values are included. Thus the patients were found to be substantially better on simple motor function tests but there was only a minor improvement in SOT as well as in Romberg´s test. This is contrary to the results of Blomsterwall et al. who concluded that the postural function was the symptom that improved most after shunt surgery (8); however this conclusion was based mainly on clinical bedside postural tests and not on the force plate examination, which did not show the same magnitude of improvement.
Explanations for unchanged SOT values might include the weakness of the method; that there is no improvement in postural function post-operatively; relatively small number of patients completed preand post-operative examinations. There could also be a selection bias that patients with the worst balance were those who might have had the greatest balance improvement after shunt operation but were excluded due to not being able to handle the test.
One limitation of this study is that medication was not controlled for. Another limitation is that the sway in a lateral direction was not examined because this is not included in the SOT protocol. The combination of high age and cardiovascular risk factor makes the possibility for diminished visual capacity, decreased proprioception, and worse vestibular function more likely and therefore we did not choose to specifically control for these factors as this could have led to difficulty interpreting the results.
The matter of balance disturbance in elderly hydrocephalic patients and its consequences is of interest for all who manage this kind of patient. LOB has been shown to predict falls within the next 16 months in healthy elderly volunteers (28) . As we have shown, LOB is extremely common in the more difficult tests 5 and 6 in iNPH patients and might therefore be considered for use as a prognostic test for the risk of falls in order to be able to institute preventive measures.
Further larger studies are warranted to explore postural function in iNPH and to try to answer the question of whether or not there is an improvement in balance after shunt surgery.
Conclusion
For the first time CDP with the SOT protocol has been used to evaluate patients with iNPH. The patients showed a profound disturbance of postural function compared to HI, and this disturbance was probably caused by deficient central integration of vestibular function. There was a weak improvement in balance three months post-operatively.
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